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Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir : 

The undersigned, Gerard LOISON, a French 
citizen, declares as follows : 

1. I obtained a PhD in microbiology at the University 
Pierre et Marie Curie (Paris, France) in 1979 and an 
Official Doctor's Degree at the University Louis 
Pasteur (Strasbourg, France) in 1982 (see appendix A). 
I have been employed by SANOFI, now named ELF SANOFI, 
since January 1, 1988 as Head of the Laboratory 
"Expression of Microorganisms" from January 1988 to 
January 1989 and as Head of the Microbiology Department 
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since then. I am co-author or co-inventor of the 
articles and patent applications listed in appendix A. 

2. I am a co-inventor of the above-captioned patent 
application. 

3 . I have reviewed Reddy et al . , Proc . Natl . Acad . Sci . 
USA 85 : 9081-9085 (1988), a reference cited in the 
rejection of the claims of the captioned application. 
The following statements are formed upon my knowledge 
of this document and my personal knowledge of the 
field . 

4. Reddy et al. relates to the isolation and sequence 
determination of a cDNA clone for rat peroxisomal urate 
oxidase. More precisely, a cDNA clone for urate oxidase 
containing an insert of 1.3 kb is isolated from a X 
gt 11 cDNA library prepared from rat liver RNA. The 
isolation of the mRNAs is performed according to the 
method described by Chirgwln et al., Biochemistry 18 : 
5294-5299 (1979), attached to this declaration as 
Appendix B. This method involves in particular 
dissociating animal cell tissues and suspending the 
dissociated tissues in guanidinium thiocyanate. Thus, 
in Reddy et al., rat liver cell tissues are dissociated 
and then suspended in guanidinium thiocyanate, which is 
sufficient to lyse these cell tissues, which are devoid 
of walls, and then to free the mRNAs. 

5. Such a technique cannot however be applied for the 
isolation of mRNAs from A. f lavus . : the dissociation of 
animal cells, as described by Chirgwin et al., supra, 
does not work with fungal cells because contrary to 
animal cells, fungal cells do have walls. More 
particularly, A. f lavus has a polysaccharide mycelian 
wall. The mere dissociation and suspension steps 
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recited above will therefore not allow the recovery of 
mycelium from culture of A.flavun . The isolation of 
mRNAs from A. flavus thus requires a different 
technique, which has been specifically designed for the 
present invention and which is described at page 12 of 
the specification : the mycelium must be frozen in 
liquid nitrogen, thawed and suspended in lysis buffer, 
ground with beads to break the mycelium and free the 
mycelian extract. Due to the great number of 
polysaccharide particles - corresponding in particular 
to wall residues - the mRNAs must be then selectively 
precipitated in the presence of lithium chloride. 

6. As explained, the RNA isolation technique described 
by Chirgwin et al., and used by Reddy et al. to extract 
mRNAs coding for rat liver urate oxidase, does not make 
it possible to isolate mRNAs coding for A. flavug urate 
oxidase. 

7. I, hereby declare that all statements made herein of 
my own knowledge are true and that all statements made 
on information and belief are believed to be true ; and 
further that these statements were made with the 
knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, 
under Section 1001 ot Title 18 of the United States 
code, and that such willful false statements may 
jeopardize the validity of the application or any 
patent issued thereon. 



Date Gerard LOISON 
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APPENDIX A 



GERARD LOISON 



EDUCATION 

1979 : PhD degree at the University Pierre et Marie 
Curie (Paris, France). 

Subject : Study of the regulation of yeast (S. 
cerevlsiae) URA3 gene. 

1982 : Official's Doctor degree at the University Louis 
Pasteur ( Strasbourg, France ) . 

Subject : Expression of S. cerevlsiae URA1 gene in 
homospecific and heterospecif ic environment. 



PUBLICATIONS AND PATENT APPLICATIONS 

G. LOISON, R. LOSSON & F. LACROUTE (1980) 
Constitutive mutants for orotidine- 5 '-phosphate 
decarboxylase and dihydrooroctic acid dehydrogenase in 
Saccharomycas cerevisiae, Curr. Genet., 2, 39-44 

G. LOISON, R. JUND, M. NGUYEN- JUI LLERET & F. LACROUTE 
(1981) 

Evidence for transcriptional regulation of 
dihydroorotic acid dehydrogenase in Saccharomycas 
Cerevlsiae, Curr. Genet., 3, 119-123. 

F. LACROUTE, ML. BACH, MR. CHEVALLIER, JC. HUBERT , 
R. LOSSON, D. BOTSTEIN & G. LOISON (1981) 
Transcriptional regulation of the yeast pyrimidine 
genes, Alfred Benzon Symp., 1.6, 175-181 
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G. LOISON S R. JUND (1981) 

Expression of a cloned s. Cerevisiae gene is controlled 
by a bacterial promoter in E. coli and by a yeast 
promoter in Saccharomyces Cerevisiae, Gene, 15, 127-137 

R. JUND & G. LOISON (1982) 

Activation of transcription of a yeast gene in E. coli 
by an IS5 element, Nature, 296, 680-682 

M. AIGLE, Y. LEMOINE, G. LOISON & JP. LECOQ (1983) 
Production of Catechol 2.3. oxygenase by means of 
yeast, plasmid for the implementation thereof and 
application (European patent application N* 84902017.7) 

R. LATHE, MP. KEINY, Y. LEMOINE, G. LOISON, M. AIGLE & 
JP. LECOCQ (1983) 

Vectors for the expression of a rabbies antigenic 
protein in eukaryotic cells and their application to 
the preparation of a vaccine (European patent 
application EP-A-0 141 671) 

Y. LEMOINE, G. LOISON, P. SONDERMEYER, M. AIGLE & 
JP. LECOCQ (1984) 

Vectors for the expression of interleukin-2 in yeasts, 
transformed yeasts and method for the preparation of 
interleukin-2 (European patent application EP-A- 
0 152 358) 

G. LOISON (1984) 

Method for preparing a strain, such as a yeast strain, 
transformed by an expression vector which can be 
cultured in a complete medium without selection 
pressure, and strain thus obtained (French patent 
application FR-A-2 568 891) 
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G. LOISON, Y. LEMOINE, P. TOLSTOCHEV S JP. LECOCQ 
(1985) 

Expression and secretion vectors for hirudin by way of 
transformed yeast (European patent application EP-A- 
0 200 655) 

G. LOISON, M. NGUYEN- JUI LLERET , S. ALOUANI & M. MARQUET 
(1986) 

Plasmid-Transformed URA3FUR1 double mutants of S. 
cerevisiae : an autoselection system applicable to the 
production of foreign proteins, Biotechnology, 4, 433- 
437 

M. MARQUET, S. ALOUANI, ML. HASS, G. LOISON & SW. BROWN 
(1987) 

Double mutants of Saccharomyces Cerevisiae harbour 
stable plasmids : stable expression of a eukaryotic 
gene arid the influence of host physiology during 
continuous culture. Journal of Biotechnology, 6, 135- 
145 

R. GLOECKLER, G. LOISON & Y. LEMOINE (05/07/87) 

Strain of Saccharomyces producing a-amylase (European 

patent application N* 87 401 050.7) 

N. LABAT, M. NGUYEN- JUI LLERET, G. LOISON & Y. LEMOINE 
(06/10/87) 

Expression block of an amyloglucosidase in a yeast, 
transformed yeast and method for preparing an enzyme, 
and method of fermentation (European patent application 
N* 87 401 300.6) 

M. COURTNEY, E . DEGRYSE, G. LOISON & Y. LEMOINE 
(11/30/87) 

Hirudin variants , their use and their preparation 
(European patent application N* 87 402 269.6) 
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G. LOISON, A. FINDELI, S. BERNARD, M. NGUYEN- JUILLERET, 
M. MARQUET , N. RIEHL-BELLON, D. CARVALLO, L. GUERRA- 
SANTOS, SW. BROWN, M. COURTNEY, C. ROITSCH & Y. LEMOINE 
(1988) 

Expression and secretion in S. cerevisiae of 
biologically active leech hirudin, Biotechnology, 6, 
72-77 

N. RIEHL-BELLON, D. CARVALLO, M. ACKER, 

A. VAN DORSSELAER, M. MARQUET, G. LOISON, Y. LEMOINE, 
SW. BROWN, M. COURTNEY & C. ROITSCH (1989) 
Purification and biochemical characterization of 
recombinant hirudin produced by Saccharomyces 
cerevisiae, Biochemistry, 28, 2941-2949. 

G. LOISON, A. VIDAL, A. FINDELI, C. ROITSCH, 
JM. BALLOUL & Y. LEMOINE (1989) 

High level expression of a protective antigen of 
schistosomes in Saccharomyces cerevisiae, Yeast, 5, 
497-507 

E. JOSEPH-LIAUZUN, P. LEPLATOIS, R. LEGOUX, G. LOISON & 
W. ROSKAM (08/24/89) 

Peptide signal and DNA sequence coding for said peptide 
signal (European patent application N* 89 402 328.2) 
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SSS^ ° f ^ 0gic 1 Ily * ctive WbooueWe Acid from Sources 
Enriched in Ribonuclease* 

John M. Qurgwtn.' Alan E. P, 2 yby,a,l Raymond J. MocDonald." and W illiam j. Rutter . 



abstract Intact ribonucleic add (RNA) hat been preoared 
torn tiasues rich in ribonuclease such U the rat poMreasby 
efficient hnmogsnlation in a 4 Motion ct (ho potent protdn 
d^u^tguarddinium thiccyanate plus 0.1 M^ercap^ 
etbanol to break protein disulfide bond*. The RNA wajiso- 



Thei 



^ZFSV** 0 ? f^depwled ribomidelo acid from a niun . 
ber ofodl typo is hindered by the presence of active nudease. 
An, Ktoem* «ampfe of thi, j. ^„ rat pancwu which contains 
wer 200 A g of ribonuchaue A per a of tissue wet wdttht 
(Jtentemaetal,1973). Within ttepLncreatoeiS 
nbonuclaosc A as weJl as other digestive entyn^ tS 
*ens appears to be synthesized on ribosomes bound 

SS5 Ih< ,W reticulum, extruded dl- 
racily into the asternal side, and subsequently packaged in 
a^ry granule,. Thus, the function, of thYcyuTj 
effective* senufltererf from Iheoe atrong hytlreiyticacZtta 
Dbruption of the cell*, however, meviably^u tar^d' 

otoolytlc degradation of RNA is to denature all of thHdiukr 
prcadns tncludtag RNasc Tin. approach weald beTucS 
w i . h I St li f dBBtto »*» Moeeda the rate cTrNA 
hydrolyaU by RNase. Deprowiniattion proceduro, ™i? e 



mum mSKittcnpt nctfucd AugHjt 27 iglo Th. „ i 

%*rs NMioMi ^^iSZ^SmXt 

» H«l«n Her Wliwey FouMailm Fteldoctanl Rft»«J2n ,» a eo 

^?M^ S^KS^ ^ U "^'V 
Ath.^A^. D ' P, ^ a,ffi00hart ^ Occrjfa. 



huod free of protein by ethanol precipitation or bv .erf! 
taton through cesium chloride. Rat panore^u RNA. obb 
by th« means ha, been used as a scSrcXtk ptrWc 
Of a-amyla»e messenger ribonucleic acid. 



« mztmud by the combined use of ? .^S5 , SL 

pancr«a and the pt.rlficaUoT&NA V 
n«w abundant pawreaa-spcciflc protein (Sanders &X| 

Experimental Procedure 
C |f i'T""^ ^ AU glasiware wa, ratdereal 

treated for 20 <n.n *ith 0.2% diethyl pyrocarbonate and I 
thoroughly boiled to remove traces of the «S Bu 

5B 4mine th " feaCU diet ^ wJoeafiST 

Cuanidinium thlocyanate stock (4 M) was n^n 
SrrfV ° f ^ PUmm «" de ^Wm^coyal 
royiaarcosuie (Hnal concentration 0.5%). 2 5 mL of l I 
(0.1 M), and 0.33 mL of Sigma 30% Antifoam A(0J 



BUel« «i<L oDNA. wmplcmmnuy d«ayribonucldo idi 
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>I OF RNA WITH OV/ utNIUM THtOCVANATE 



■ 

i 



water was added with wanning and stirring until 
>lv i equaled 100 mL ai room temperature. Thcsolu- 
which contained aome insoluble material, was filtered, 
Sgn was adjusted to 7 with a small amount of I N NaOH. 
-Sft «« stored tightly dosed for up to 1 month at room 
^pasture- All handling of thlt solution and the initial 
ulrntiTi were dons in a fume hood, and all equipment 
'.fljeb eatne into contact with 2-meresptoelhanot was subse- 
treated with dilute aqueous hypochlorite solution 
jfrjaime laundry bleach). 

Osanidia* bydrodiloiide (Sigma practical grade) was made 
■910 7.5 M. filtered, aeutralired to pM 7.0, buffered with 
tSSi volume of 1 M sodium citrate, pH 7.0, made 3 mM hi 
.either dithlolhreltol or dithioerythritol, and Stored for up to 
I month at room temperature. 

Standard Guanidinium Thioeyanate Extraction Proadun. 
Freshly removed pancreases were trimmed free of lymph 
lete, ganglia, and fat, weighed (the pancreas from a 300-8 
female rat weighs ~1 g). and than Individually dropped into 
WmLof guanidinium thioeyanate stock solution in a 5S»mL 
Potter- ENohJem homogcoizer tube and immediately horao- 
jtntad for 30-60 s at full speed with an 18-mm diameter 
Tbsomhxr homogenlzer (Tekmar Industries, Cincinnati, OH), 
The bamogeuates of two pancreases were combined in a SOmL 
nee and cennifuged for 10 min at 8000 rpm in a Sorvali HB4 
swinging bucket rotor at 10 °C to sediment particulate ma- 
tsrtal. The supematants were decanted into a flask and mixed 
with 0.023 volume (relative to the original volume of homo- 
gadzmg buffer) of 1 M acerie acid to lower the pH from 7 
to 5 and 0.73 volume of absolute ethanol. The flask was 
tapped, shaken thoroughly, and placed at -20 *C oversight 
to prec ipitate nucleic add. The material was sedimented by 
eeanifugation for 10 min at -10 *C and 6000 rpm in an HB4 
ictor. The tubes were drained of supernatant and any material 
•awn did not form a firm pellet. The pellet was then resus- 
poded by vigorous shaking in 0.3 volume (relative to the 
angina] volume of homogeaization buffer) of buffered guani- 
dlae hydrochloride stock solution. If necessary, the samples 
•ere briefly wanned in a 68 °C water bath to ensure complete 
Aspersion of the pellets. RNA w M reprecipiialed by adding 
tKUtlve to the amount of guanidme hydrochloride) 0.023 
»«nine of 1 M acetic sold and 0.5 volume of ethanol. The 
solution was kept for at least 3 h at -20 'C and centrifuged 
w nefcre. A final rcprodpitation from guanldhie hydrochloride 
to Performed in the same way, with a further halving of the 
uuai vorume. This reprecipltated material was centrifuged 
""■fr 5 min at 6000 rpm. From this point onward all 
««Bures were carried out under sterile conditions to prevent 
nuclease contamination. 

The final pellets were dispersed In ethanol ai room tem- 
JWMwtj iWturaied If necessary to extract excess guamdine 
"™«IOftde, and again centrifuged for 5 min at 6000 rpm. 
tM^ZSF" 10 "* ltm the pellet by a stream of nitrogen. 
*ewi A W3S « U » 0,ved "Sorous shaking la 1.0 mL 

■vESEF* W J°, "H" at 13p0 ° r P ffi nnd 10 -C to sediment 
: 4sSbi%Z! aK ? i * 1 € 8u P ernatflnts containing the RNA ' 
dtcanted and saved, while the inaoluble material was 
SS*?^ ,wico 0.3 mL of sterile water per g of original 
followed by.oemrifugation for 10 mhrn 
a 'P m * nd 10 °C. The combined aqueous solution was 
u» r 1 ! rolulno of2 M PotMriwn acetate, pH 5, and 
"ffles of ethanol and left overnight at -20 °C. 

*- was sedimented from toe ethanol suspension by cen- 
atlon for 20 min at 10000 rpm and -10 °C in Cores 
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with 95* ethanol, dned with nitrogen, and dissolved in 1.0 
mL of sterile water per g oT starring tissue. Absorbanee 
obtalncd «W luting the RNA solutions 

» 8 ^2r " mswail0 Carmine the eoacentraacn%f 
KNA. The RNA samples were routinely stared as 70% etha- 
nol suspension at pH 5 and -20 "C, 
All of the extraction procedures were routinely carried out 
Polyethylene, polypropylene, or Cores centrifuge tubes. 
Exposure tu guanldlruum thioeyanate solutions resulted In a 
high rate of failure for polycarbonate tubes. 

Invlew of the large amounts of ribonudease in the guanidme 
hamogenates and supematants, it was imperative that no eon- 

? ff* 5 ***? or by these solutions 

be permitted. Dllutio,. of solutioni cf denatured RNase results 
m renaturatton of the active enzyme (Sela et ol.. 1956). 

A modification to the above procedure in which the RNa 
U separated from the guanidinium thioeyanate homogenate 

chlornle (Olkdn el ai, 1974) was suggested by Dr. A. Ullrich. 
For tha procedure, technical grade cesium chloride was made 
up to 5.7 M, buffered with o.I M sodium ethytewdJamiae- 
tetraacetate, pH 7. or 25 mM sodium acetate or citrate, P H 
S Merited with 0 L2% diethyl pyrocarbonate. and passed 
through a 0.45-fanMiUipore filter. Small amounts ofiOaue 
were homogenized in 4 M, filtered guanidinium thioeyanate 
with a small Tlasumizer or Potter-Elvehjem and layered into 
ultracentnfuge tubes one-quarter filled with 5.7 M cesium 
chloride. In a typical experiment, a Beckman SWJO.l rotor 
was csnrruuged for 12 h at 36000 rpm and 20 "C. Dissolution 
• P 611 '" M water * M twifitaiflel by brief heatine 

' « a U • T'* ter ba,h cr by "baaing excess cesium 
chloride with ethanol and drying with nitrogen. Since the 
supernatanis in these experiments could contain brae amounts 
of renaturable nucleic, great care was taken not to eontami- 
nate the pellets during their dissolution. This danger could 
be circumvented by suspending the pellets In a small volume 
of buffered guanidme hydrochloride stock solution and pre- 
cipitaung the RNA with ethanol as described above. Cesium 
chloride has been used for the preparation of samples of le« 
than loo MS of embryonic RNA (Harding et al., 1978) and 
for the wdnin, of rat parotid RNA free from polysaccharides 
(Swam and Rutter. unpublished experiments). When the 
maximum rotor speeds permissable for dense cesium chloride 
solution, are calculated, allowance must be made for the spe- 
cific gravity of the guanidinium thioeyanate homogenates, 
which is between 1.1 and 1.2 g/mL. *wi»«s, 
Procedural Anecdocu and V a r iB iions. A targe number of 
different experimental procedures were tested before reaching 
those described above. A summary of our experienc, U given 
here to fitcdltata adaptation of the procedure toother systems 
First, the prevention of degradation by ribonudease it de- 
pendent upon the efficiency of the initial seconds of the homo- 
geaization. For this reason, we have used the high-speed 
Tissumiier the similar Polytron (Brinkmann lrutrumentT 
Westbury. NY) undoubtedly would be satisfactory. The use 
of a conventional blender or the homogenizau'on of tissue which 

- ^f? il 0 ^ 303 lhawed or of tissus w Wch has been pul- 
verized In liquid nitrogen results in degradation of the RNA, 
as detected by the diminution in the 28S peak height and the 
concomitant appearance of lower molecular weight species on 
dectrophoresis in denaturing gels. However, rat pancreases 
which have been lyophllizcd after pulverization indry ice or 
liquid nitrogen can be satisfactorily extracted with the guani- 
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diirium tWocyanatB procedure. For tis«uto belong significant 
audwlytfc acimty. conditions for homogMUaSon are less 

S-Wv^?T C paa ? efltes ° a «* fWPortd with a snail 
Potter-BIveJiJera homogenlzer, and for some cultured cells no 
ftomojeniauon it needed since die cell. l y(e upon addition 
of tko guanldme solution (Hording et al.. 1977: Suohman et 

The ropreapitaUaM of the RNA aid to eliminate already 
denatured nbomwteam, from the nueleio add pellets Thui 
these steps can be varied according w the ipeeif.c circum- 
*ane«. The pH and temperature of the initial homogeniza- 
ton. 7.0 and -20 »C are optimal, but some variant can 
c* tolerated. The use of the detergent tedium /V-lauroyl- 

f 01 <SSenUttl but « ira a cleaner '"i«ial precipitate 
of RNA and may accelerate the initial dissolution of the tissue. 
The 2-mercaproeihanol is essential for tissue containing 
RNase. but Insreaslng its conecntraiion beyond 0.1 M final 
concentration has no effect. Dithiothreltol can be used with 
the guanidine hydrochloride suck as a disulfide bond reduo- 
tam. but it undergoes a chemical reaction with the thioeyanaie 
onion to produce hydrogen sulfide and a green color. 

The use of pH 7 and room temperature to dissolve the RNA 
and of pH 3, -20 "C. and the addition of 0.5 volume of ethanol 
Precipitate it follow the recommendation of Cox ( 1 968) for 
g^dine hydrochloride, tt is essential to determine empiri. 
rauy the time necessary for complete precipitation of a given 
RNA. sample at -20 »C (viz.. Slrohman el al. (1977)1 
cooling to this temperature can be accelerated by the use of 
a 3:1 crushed lee-rock salt bath. It » also advisable to 
maintain RNA concentrations above 25 M g/mL in guanidine 
sohiuoo. Tissue can be homogenized in as little as 4 volumes 
of 4 M gusnldinium thiocyanate. but the resultant solution 
may be too viscous to permit easy sedimentation of the RNA 
The imuiJ pwnpiutlon described above uses 0.75 volume of 
ethanol relative to guanidlnium thiocyanate stock; this pre- 
cipilates some DNA (eliminated by the reprecipltatlons) as 
well as RNA (Cox, 1968) but is ru^ssarV^revenVSni' 
diatom thiocyanate from crystallizing out of solution at -20 
C It is convenient to decrease the volumes of the successive 
precipitations to conoentrate the RNA. Inclusion of a final 
organic solvent extraction step, for example, with phenol or 

iymH f^o? -° f a 3 M sodium aceta,e P'«'Pitation at pH 
liuroy, 1968) is unnecessary. 

Some tissues may contain non-RNA molecules which co- 
precipitate with RNA by the method, described, necessitating 
further punfication. We have, however, not encountered such 

ZEST"* "! , ti ? tte8 ,lMed in "8"™ J 0f in rat brain, 
spleen. Or muscle. Under the described conditions of centri- 
fugauon. yeast 'H-labeled tRNA (provided by Dr L De 
Oennaro) was not sedimented. Similarly. In the standard 
procedure tRNAs (and DNA) are not precipitated from 
Sm=« "(I ^U° chIondo P Jus °-5 "ofumc of ethanol, as noted 

Since the early steps of the procedure are always carried 
out in the prescrtw of denaturants. sterile procedures and 
glassware are unnecessary, but as soon as the RNA is no longer 
in the presence of guanidine. stringent precautions against 
adventitious nucleases must be taken. 

tripartita* of Polyadenylotcd RHA. Polyadcnylated 
TTZZZ ******* from rRNA by two cycles of binding 

Waltham. MA). The procedure of Aviv &. Leder (1972) was 
nwdifled by the use of O.S M lithium chloride. 0.2% dodeeyl 
sulfate, and 10 mM triethanolamlne hydrochloride. pH 7 4 
a. the bmding buffer. For minimization of nonspecific rib>' 



CKHGw.N. P.RZVBYLa aCDONaLD. AN0 ru 

<»an Z5 mg/mL in sterile w^EX" 
^rZTf^rt" » *• «her adoWonTtotod 
and application to the column. Bound pclyadenvlataH » 
wo, eluted with 10 tnM triettotnolami^d^ffl 5 
7.4. without an inurraedlate 0.1 M wash • 
Resolution Analyst, of Isolated RNA Spades The ml 
^rations w,« subjected to gel electrophoresis In 3% 
rose. 6 M urea, and 2i mM sodium citrate^ P H 3.5. 
to a modification of the procedure of Woo et al ao?S 
Agarose was dissolved in buffered 6 M urea plus 0 02% a* 
tlfoatn A by holding in a boiling water bath SnSl tSfaSfc 

3o"S^w r T° rb , Ubb,W - ^^ionTlpoif^ 
30 C and allowed to gel overnight at 5 °C. Cylindrical!.? 1 
were amoved partially from their tubes, cut imo 
length,, returned to the tubes, and held in place w * ga ^ 
After application of a 20- M g sample to a J. mn) diametS 

A P 1 "' l0 * su «o». dectroptoresi, wa 8 o 5 

ducted fo, 4 h at 100 V and room temperature w U b r S£ 
rcorcuklion of reKrvoir buffer (25 mM otosL^nft TV 
gels were washed for at leas. 1 h in sterile 25% gTycoftil al* 
scanned at 260 nm. (Sterol 154^ 

For analysis of electropboreucally resolved mRNA* % 

S^nnTaXrV^ > E^*X2$ 
scanned and the sl.ces were extracted 3 times [each wfSS- 

volume of oligo(dT)-cellulose binding buffer To 

volume of Uie gel sl lc « « room temperature CotMh Rfig 

was recovered from the combined exacts by e^ianoTprrf,^ 

rernove parocles of agarose, and analyzed by translation 
lS V ° r rebiDdiB8 W and elution r ~ m oli 8<W 
The RNA preparoUons w«re tested for biological 
by radons , n a cell-free system as describodby Maef> 

Pdham & Jackson (1976). In addition, cDNA was prepaV 
from these samples and hybridriation analyses were DerfoZ 
as described by Harding M a |. ( 1977)^ 

Results 

, ^'"^j" 9 P« if ' c Pancreatic genes and their cscpre 
has led W rather extensive investigations of methods for met 
a ^ ncti0 ^NA from ^« riSd 

A nUn ', ber °. fmctl,wfa *« »«ed: some were us " 
but none were found to be completely satisfactory : 

B ( ™1 nM ly,is ° f *° h y b "'^Hon characteristic 

of rat pancreas RNA and cDNA made from it with reveV 
u^nsenptsse has been published by Harding et al (19?7r 
These experiments were conducted with RNA oreiMmi bvi 
Precursor to the present procedure, one fn whifh 
were homogenized in 7J M guanidine hydrochloride p us» 

™vS;° C ^ a iS (2,indel y et ^- WW T^ Prcced" 
gave undegraded RNA which, however, appeared to to pi 

974) m, W^™^ t lh4<lie,by, ^bonauKb^rget'al 
t%~JrT5 l I ? nereas RNA Prepared with guanldii 
hy^ochloride plus diethyl pyro^rb^ate was £Xedi 

Bmrked '^^^Yof synthesis of b 
molecular weight polypeptides, espeelaflj amyla^lThis eflfe 
was mud, more pt-onotutced in the rcti^^T ffi 
U»e wheat germ cdl.free system of Roberts & Ptterson (19731 

aaftothesWrtofrMmogeniTBticflwereunsuiloessful ~ 
<*reanng the Imtal eonceatrauon of diethyl pyrocarconat. at 
resulted in partially degraded RNA. ThLTS, Sr« 




TlON OF RNA WITH CUAN1DINIUM THIOCYAN ATE 




2BS IBS 

"BUM t: Scanat 260 mo of electrophoresis of RNA on 4%acry|, 
taMc gel 1» «** fonnamidc (Finder n al,. 1974). tHrectios of 
jajaiianwsj .from left to right. Upper trace: RNA prepared with 
puijktahnn tUoeyanatp plui 2-mcretptoethanol by etbanol precipi. 

L ower trace: R>U prepared by dropping ■ pancreas into 
« blender ' ronnraj i at fan speed at 4 »C containing 0.1 M radium 
i °* ,aanat£ - * "S/tO- heparin tulfate. and 03* 
adorn dadecyl sulfate phis an equal volume of baffer«a(urated phmoL 
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+^h£TPKSl t "SJBwlWonlfle-labelrf peptide, syn- 

CtdS^f 0 *?,^"?^ 1 HTC, hepatoma cell ltec(37%) ; 

* «*Ut Udiuy (277g): Pr, adult parotldTland (21 «). 

* Pyrocarbonatt led us lo develop the Improved 
annum iniocy&nate method described here. 

resoverj. 0 f RNA from adult rat pancreas by the 
JUrdom thueyaaate procedure (we Experimental Proce- 
- ^'~r° m 6/8 Of wet tissue. Varying by 10*. RNA 
7r™ n * a ^mow/^jid™ ratio of 2.1 or bener, indl- 
o <Z P^^^mnatiofi. The DNA content was less 
y"*** tbe wphenylBmJne aaaay f Burton. 19S6). Total 
^ prepared by this procedure was analyzed by electro- 
nnder denaturing conditions in 4% acrylamide gels 
fcimarnidc (Pirtder ct al, 1 974). Figure . shows the 
profile of such a gel at 260 nm. demonstrating the 




nS^i 3 .. Sf" •« 2 f° » m of « »»> »8»n»^ M urea gal. pH 3-i 
(Wooet al., 1975). A 40-jig sample or polyadanylated r?t ouSreas 
"»«'""« mm fr. which™, $kS at irSetuA 




W™^!^°? aUcm<1 J "Pecificiiy of pancreatic oiRNAs retc+nd 

figure 2. The in vino mutations were wirform^ it. 
e^afiououof RNA from t^i^TXtS^ 3 
&™rt£ of ''•'.sb only hall of the aliquot wa^.ffi 

presence of intact 28S and 1 8S ribosomal RNAs in the sample 
prepared with uuanidinlum thiocyanate. The lower trace in 
Figure 1 demonstrates the degradation of these species when 
UokW by conventional phenol extraction in the pmwnce of 

^mT^ n " b ? nu f' aM inhi b"<«- heparin, iodoacetau, and 
aodlumdodecyl sulfate. Electrophoresis ln 3% agarose geis 

3 " 5 CW °° " aL ,975 >" BHve results 
•hown) very similar to those found with formamide aek Be- 

£Z I Ft l ? % ? f ,hc , 10181 RNA i™ 1 ™* i» s 

polyadenyUted fracuon after two passages over oligo(dT)- 
eellulose (Aviv & Leder, 1972). 

The products of trarolation in vitro of RNAs isolated from 
a variety of rat tissues with guanidinium thioeyanate are db- 
ptayedm Figure 2. The discrete, Uaiucspecinc products seen 
for embryonic and adult rat pancreas, liver, kidney, subma*- 
llary. parotid, and HTC cell (a rat hepatoma cell line) RNAs 

ri 1 , 8 uanl < , W" m thioeyanate procedure yields 
RNA suitable for protein synthesis. 

The ratoUvelysimple set of protein, synthesized in vitro in 
figure 2. lane Pn, suggested that polyadeoylatad pancreatic 
RNA should contain a limited number of discrete messages. 
Thu. w„ borne out by the pronie of ol^dTJ-cellulose-boufid 
RNA on a denaturing a e »ro»e-urea gel (Figure 3). When 
0» indicated RNA peak, were cluted from the gel. they w£ 
round to be enriched in their template activities, for specific 
polypepude band, (Figure 4). The major protein band iMane 
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A has been demonstrated to be a precursor (58000 molecular 
weight) of o-amylate by spodflo itmniinopreci^tation (Mac- 
DonaldetaL 1977;PrqrbylaetaL, 1979). The RNA coding 
for amylase (Figure 3, peak A) comigreted with IBS rRNA 
On the basis of the in vitro translation data and cDNA- 
mRNA hybridization complexity (Harding A Rutter, 1978), 
the Isolated amylase mRNA was judged to be greater than 
80* pure. 

Since It is obviously not possible in this system to compare 
the quality of the RNA» prepared by tbe guanidinium thio- 
cyanate and conventional phenol methods, we have performed 
comparative experiments using dog pancreas, which lacks 
detectable levels of RNaie A (Zendzian & Barnard, 1967). 
Total polygon) ai RNA was prepared by conventional phenek 
cttorofarrn extraction by MacDonald tt al. ( 1 977). The data 
obtained for dog pancreas were very similar to those shown 
in Figures 1-3 for rat pancreas. In both species, a-amylase 
was the dominant tissue-specific protein and its RNA comi- 
g rated with 18S rRNA. The patterns of (he translation 
products and of the pedyadenylaied RNAs were similar. When 
copied with reverse transcriptase, rat pancreas RNA gave the 
highest incorporation of nucleotides per gram when the RNA 
had been prepared with guanidiaium thiooyaimte (0.13 nmoi 
of fHJdCMP per i»a of polyadenylated RNA) and the lowest 
when prepared with guanidine hydrochloride plus diethyl py- 
rocarbonate (0.06 nmoi of (UJdCMP per Pg). In comparison, 
phenol-prepared dog RNA gave an incorporation of 0.11 nmoi 
of [ J H}dCMP per <*g, All pancreatic cDNAs displayed the 
same size distribution on alkaline sucrose gradients. 

When phenol-extracted dog pancreas RNA was hybridized 
in excess to cDNAs made from RNA templates prepared 
either with phenol or guanidine hydrochloride plus 1% diethyl 
pyrocarbonate, indistinguishable results were obtained. The 
curves were very similar to those seen for rat pancreas RNA- 
cONA hybridizations (Harding et aL, 1977). 

Discussion 

Because of the high concentrations of RNase and RNA in 
the rat pancreas, polyanionic competitive inhibitors of RNaw 
such as heparin, polyvinyl sulfate, and macalold (Parish, 1972) 
cannot be brought practically to high enough ooncemradons 
to be useful Similar limits to attainable concentration pre* 
chide the use of antibodies against or protein inhibitors of 
RNase (Brown et al„ 1959; Oribnau et aL, 1969). The well 
characterized covalem inactrvaten of bovine pancreatic RNase 
A such as 3-bromopyruvate and lodcaeetate react much too 
slowly to be of use (Helnrikson et al.. 196J). Diethyl pyro- 
carbonate is an effective active-site hiitidine reagent against 
pancreatio RNase. but unfortunately this reagent also modifies 
nudeic acids (Enron berg et aL 1 974). Such modification may 
account for the loss of amylase mRNA translation activity and 
template activity for RNA-directed DNA polymerase de- 
seribed above. Diethyl pyrocarbonate has been reported to 
destroy ovalbumin message activity (Palmiter, 1974). As 
demonstrated by Figure I, phenol plus sodium dodecyi sulfate 
dees not denature RNase sufficiently rapidly to prevent mas- 
sive degradation of pancreatic RNA. 

Although ribonuclease is the bane of molecular biologists, 
it has bean a boon to physical biochemists. It is a thoroughly 
investigated model of protein dena titration. The transition 
state for denaturation of pancreatic RNase A is close to the 
denatured state, so that reagents of Increasing effectiveness 
for equilibrium denarurarlon will denature with increasing 
rapidity (Tanford, 1968). Thus, the half-life of RNase is 3 
rain in 8 M urea (Barnard, 1964) and 10 s in 4 M guanidine 
hydrochloride (Miller & Bolen. 1978), Both Von Hippel A 
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Wang (1964) and Castellino & Barker (1968) fov 
guanidinimn thiocyanate was about iS-tm more effi 
a molar basis than guanidine hydrochloride as an equui 
denatnrant in the former salt both cation and anion are 
chaotropes, while in the latter only the guanidinium ca 
ohaotroplo and hence active in denaturation (Jencks l 
Thus, it was expected on the basis of the rate dependency 
denatnrant strength that guanidinium thtocyanac* wow, 
a much more rapid denatnrant of RNase than guanidine 
droehlorlde, thus permitting the isolation of intaot rat a 
CTeatic ^ A without recourse to diethyl pyrocarbonate: 

RNA prepared from pancreas with guanidiaium tlriocjintu 
can be translated in vitro to give products (Figure 2) to* 
similar to those seen for phenol-isolated dog pancreas pjH 
(MacDonald et al.. 1977) and very similar to the contents* 
paneraatic secretory granules (Priybyla et al., 1979). Sua* 
a-amylase is the major secretary product of the pancreas, n ' 
message should be an abundant polyadenylated o pedes. fi B 
ures 3 sod 4 suggest that this Is the case. The 183 none 
adenylated RNA (Figure 3, peak A) is the prectaminantcenrf 
portent resolved, although its abundance may be ««ggeratn| 
by contaminating rRNA Hybridization between this ninB& 
amylase mRNA and the eDNA made from it indicates thai 
the message is more than 80% composed of a sequence 
1300-rtucieotlde complexity, just large enough to code for tfck 
pre-amylase polypeptide (Harding & Rutier, 1978). j£ 
In addition to hybridization experiments with purified at? 
pancreatic amylase mRNA, total rat pancreas RNa fi "° 
adults and developing embryos has been analyzed by cDK 
hybridization kinetics (Harding et al.. 197g). In no case 
there any indication that isolation with guanidlnium 
cyanate plus 2-mercaptoethanol introduces any artifai 
modifications into RNA or causes the selective loss of 
species other than 4S RNA Recovery of RNA from thee 
was quantitative within the experimental uncertainty of 
determinations (Schneider, 1946). 

RNA prepared with guanidlnium thiocyanate from rat 
of Langerhans has been used to synthesize double-i 
eDNA. When this DNA was inserted into a bacterial itai 
cloned, and analyxed. it was found to contain nucleotide 
quences correctly coding for the complete amino add sec 
of rat prolnsulln I (Ullrich et al., 1977), thereby confl 
that the information content of the starting RNA was 
daring the procedure. 

The predicted utility of guanidinium thiocyanate was fi 
confirmed by the results described above; RNA isolated 
the reagent was physically intact and fully active in translallof 
specific message purification, hybridization, and reeombinsi 
DNA experiments. The variety of tissues from which acu* 
RNA has been obtained with this method (Figure 2) suggest 
that the guanidinium thiocyanate procedure offers a usefi 
alternative to phenol-based methods, particularly for ai 
clease-containing cells. | 
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Measurement of the Transcription of Nuclear Single-Copy 
Deoxyribonucleic Acid during Chloroplast Development in Euglena 
gracilis* 



Stephanie E. Curtis and James R. Y. Rawaon* 



abstract The fraction of nuclear single-copy deoxyribo- 
nucleic acid (DNA) transcribed al different stages of ehlorc- 
Blut development in Euglena gracilis (Z strain) was measured 
by RNA-DNA hybridization. Euglena cells were grown In 
• heterotrophic medium in the dark to stationary phase and 
transferred to the light Total cell RNA was isolated at various 
stages of chloroplast development and hybridized in a vast 
■aces to ,J5 l-labeled single-copy DNA. The fraction of ,B I- 
labeled single-copy DNA in the farm of a duplex was measured 
by using S) nuclease. The amount of RNA-DNA hybrid in 
duplex mixture was determined by correcting for the con- 
• Wboaon of DNA-DNA renaturatlon. The fraction of suv 
DNA transcribed wis calculated by multiplying by 



2 the amount of DNA in the form of an RNA-DNA hybrid 
and correcting for the reactivity of the single>oopy DNA probe 
with total DNA. In dark-grown cells (i.e., prior to the initi- 
ation of chloroplast development), the complexity of total cell 
RNA derived from single-copy DNA was 8.0 x 10 7 nucleo- 
tides. After Initiation of chloroplast development, the com- 
plexity of the total cell RNA derived from single-copy DNA 
first increased slightly to 8.9 x 10' nucleotides and then pro- 
gressively decreased to 7.4 x 10 7 and 6.4 X 10' nucleotides 
after 12, 48, and 72 h of exposure to light, respectively.. Total 
cell RNA isolated from cells which had never been cultured 
in the dark had a complexity of 6.S x io' nucleotides. 



plasts are complex organelles which require • mul- 
: cf membrane structures, enzymes, and electron-transport 

*ftaa the Department of Botany, Unlwrhy of Georgia. Altos, 
' 30602. Beatoei Uey 72, 1979; raited mmucrlpt rtcttotd 
ttr 12, 1979. Tin investigation w npporlcd br a aram (ran 
National Science Foundation (PCMTMHly) and a National Inul- 
-eTHealth Predocioral Trsinenalp (5.T3I-OMQ7IOJ-03) to SAC. 



cocstitoenu to earry out photosynthesis. The development of 
a functional chloroplast from a proplastld, the progenitor of 
cbloroplasts. presents an interesting example of the need for 
the coordinate expression and interaction of two distinct ge- 
nomes within the plant cell. Both the chloroplast and the 
nuclear DNAs contribute genetic information required for the 
production of a photosyntheUcalry oampetenl organelle (Schiff, 
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